Numeracy is important in the practice of medicine. Few studies have addressed the ability of medical students to perform arithmetical calculations required to identify the correct mass or volume of a drug in solution. This study assessed the ability of Phase I medical students to effectively recall and use knowledge of systems and measures for calculation of strengths of drugs in solution before and after a Systems of Measure & Dosage Calculation Flipped Class Session(SMDC-FCS). Those participating voluntarily were present during the pre-& post-SMDC-FCS to answer selected questions in succession under timed conditions. The questions were devised to test knowledge of medications used across multiple specialities. Our study data indicates that our medical students are not informally picking up requisite knowledge and skills during the MBBS course. A SMDC-FCS intervention improved medical student performance of dose calculations.
drug event(ADE) is known to occur during 0.7-6.5% of hospital admissions in the US, 1.5% in the UK, and 1.8% in
Setting:
This study was conducted in the Division of Pathology, School of Medicine at the International Medical University (IMU), Bukit Jalil Campus in Kuala Lumpur, Malaysia.
Study Period:
This study was conducted during a period of two weeks from 1 st April 2014 to 15 th April 2014. Medical students of semesters 2, 3, and 4 were subjected to a baseline quiz on April 1, 2014 (pre-test) . Four i-lectures and pre-reading materials were made available for the participants on the e-learning portal of the International Medical University (IMU) two weeks prior to the flipped classroom activity. The flipped classroom activity was conducted on 15 th April 2014 in the form of a Quiz and discussion. This was followed by an immediate feedback and debriefing session. The data collection on end of semester examination result was carried out on 30th April 2014 (post-test).
Inclusion Criteria:
All the 362 undergraduate students of Medicine from Semesters 2, 3, & 4, who gave informed written consent to participate in this study, were included. They were all invited to participate in a baseline Quiz and respond to a Quiz & Feedback questionnaire at the end of the flipped classroom activity.
Exclusion Criteria:
Eligible students who were absent on the day of the flipped classroom activity were excluded from this study.
Ethical Considerations:
Approval for the present study was obtained from the Division of Pathology, School of Medicine at the International Medical University (IMU), Kuala Lumpur, Malaysia. Informed written consent was obtained from every participant prior to the inception of the study. The information obtained during the data collection was strictly kept confidential. In order to maintain anonymity, a random code number was issued to each participant of this study while responding to the quiz and feedback questionnaire.
Study Instruments:
The 'Poll Everywhere' is web-based software for analysing instant poll responses from the audience by using smart devices like smart phone, tablet, computers or laptops. It is an interactive Audience Response System (ARS) which can be used in a flipped classroom activity. The instructor can assess the responses of the participants instantly during an interactive session and provide valuable feedback on spot to the respondents. For 'Poll Everywhere', the minimum required bandwidth of Local Area Network (LAN) is 4Mbps for downloading and 30Mbps for uploading. However, for Wifi internet connection, the minimum required bandwidth for downloading is 9Mbps and 17Mbps for uploading. Ten quiz questions, covering the learning outcomes of the flipped classroom activity, were included in this 'Poll Everywhere' software for seeking participant responses.
A feedback questionnaire on the flipped classroom activity was adapted from a validated questionnaire developed by Pierce & Fox(2012) . This questionnaire was modified and revalidated during a pilot study to suit our needs. The final feedback questionnaire included the following items:
1. Pre-reading materials (i-Lecture/others) were available on e-learning portal before the flipped classroom activity. 2. Adequate time was provided to spend on the pre-reading materials (i-Lecture/additional references etc.) before the flipped classroom activity. 3. Pre-reading materials were relevant for the flipped classroom activity. 4. The classroom arrangements (positioning of the chairs for group activity, audio-visual facilities etc.) were conducive for the flipped classroom activity.
5. The activities during flipped classroom session increased my understanding of the key concepts. 6. The flipped classroom session inspired me to pursue further learning for the module. 7. More lectures should be conducted in the flipped classroom mode. 8. Instructor was able to engage me in the flipped classroom activity. 9. Instructor was able to provide clarification on difficult concepts during the flipped classroom activity 10. Instructor was able to expand on i-lectures and pre-reading materials during the flipped classroom activity.
Data Collection Procedure:
The Systems of Measure & Dosage Calculation Block contained 4 hours of lecture, 2 hours of guided reading and 3 hours of computer assisted learning and power-point presentation. The Systems of Measure & Dosage Calculation-Flipped Classroom Session(SMDC-FCS) was planned after a series of four lectures covering the same content area as the learning outcomes of the flipped classroom activity.
A pilot study was conducted involving the same three cohort of students on another module one month before the main study. The feasibility and time management of reviewing four i-lectures and pre-reading materials along with the conduction of flipped classroom activity were assessed. An item analysis along with test-retest validity and intraobserver reliability (Cronbach's alpha) of the feedback questionnaire were also assessed during this pilot study. The feedback questionnaire was further refined with the help of two content experts and an English language professional.
Four i-lectures and pre-reading materials related to the learning outcomes of flipped classroom activity were made available in the e-learning portal for access to the students two weeks before the flipped classroom activity. All the learning outcomes from the flipped classroom activity were created from the four designated i-lectures and pre-reading materials.
The flipped classroom activity was conducted for 50 minutes in the form of an instructor-created quiz with five questions. Some audio and video presentations were used as indirect cues to the quiz questions which catered to the learning outcomes of the flipped classroom activity. The evaluation of quiz (pre-test) during flipped classroom activity through 'Poll Everywhere' was conducted by using these five questions.
The students were instructed to bring their smartphones, tablets or laptops to the flipped classroom for interactive participation. Flipped classroom activity was conducted in the form of an interactive quiz session by using "Poll Everywhere" for web-based participant interaction. Though internet connection was provided, the participants were not given access to the four designated i-lectures and pre-reading materials during the flipped classroom activity while responding to the quiz. They were also not allowed to carry hand-outs of the designated i-lectures and prereading materials during the flipped classroom activity.
The instructor revealed one quiz question on 'Poll Everywhere' at a time and requested the participants to select their one best response from the given five options. Five minutes was allocated for the participants to register their responses online at 'Poll Everywhere' through their smart devices. After all the responses were captured the poll froze and the poll-result was displayed on the screen. Since, the quiz was conducted before any discussion, the poll responses were considered as pre-test in this study. The instructor discussed each of the options in brief and engaged the participants in debate for the next three minutes. The students were guided by the instructor to identify the correct answer for each quiz question only after evaluating all the five options. This procedure was repeated for all the five quiz questions. Five minutes were allocated for poll and discussion on each quiz question during the flipped classroom activity. Hence, it was possible to conduct the entire flipped classroom activity within 50 minutes. Since, the answer for each quiz question was revealed at the end of discussion, an immediate post-test on the same questions was not deemed necessary.
A feedback questionnaire was administered to the participants for ten minutes after the flipped classroom activity. This was followed by a debriefing session for five minutes.
The effectiveness of flipped classroom activity was also assessed by comparing the performance of participants on the end of semester examination questions related to the baseline(pre-test) and flipped classroom activity. The end of semester examination was conducted 2 weeks after the formative assessment. It included 5 questions from the Systems of Measure & Dosage Calculation Block encompassing the baseline(pre-test) and flipped classroom activity. All the questions were vetted by the Medicine experts and their difficulty levels were matched with the quiz questions administered at baseline(pre-test) and during the flipped classroom activity.
Data Analysis:
The data collected were tabulated and analysed by using the EPI-INFO version 5.0 for Windows and SPSS(Statistical Package for Social Sciences) version 17.0. Data regarding mean test scores were analysed using Kruskal Wallis non-parametric tests. Other results were expressed in terms of proportion, median, and interquartile range(IQR). The strengths of association were computed by using the Odds Ratio(OR), Relative Risk(RR), and their 95% Confidence Intervals. In this study, a p-value <0.05 was considered as statistically significant.
Results
362 medical students participated in the study out of which 122 students (33.7%) were from the second semester, 130 students (35.91%) were from third semester, and 110 students (30.38%) were from the fourth-semester of the MBBS course. The results are summarized in Table 1 . Some students failed to attempt every question. The overall pre-test & post-test mean scores for all students was 2.02 & 4.03 out of 5.00 (corresponding to 40.4% & 80.6%). The mean pre-test score deteriorated with increasing student seniority; second semester students scored 2.30 (n=122; range 0-4; SE 0.14), third semester students scored 2.01 (n=130; range 0-4; SE 0.12), and fourth semester students scored 1.83 (n=110; range 0-3.5; SE 0.28). The mean post-test scores improved over the pre-test scores; second semester students scored 4.20 (n=122; range 0-5; SE 0.14), third semester students scored 4.22 (n=130; range 0-5; SE 0.12), and fourth semester students scored 4.25 (n=110; range 0-5; SE 0.18).
The overall intra-observer reliability from Cronbach's Alpha was found to be 0.852. The intra-observer reliability ranged between 0.755 and 0.845 for item deletion in Cronbach's Alpha analysis. Since, none of the Cronbach's Alpha values exceeded 0.852 in item deletion; all the ten items of feedback questionnaire, used to capture the perception of participants on the flipped classroom activity, were included in the final analysis.
As far as the central tendencies and dispersions of responses on individual items in feedback questionnaire the analysis revealed that majority agreed (3) or strongly agreed (4) on the following items: (a) i-lectures and prereading materials were available on e-learning portal before the flipped classroom activity, (b) i-lectures and prereading materials were relevant for the flipped classroom activity, (c) physical arrangements were conducive for flipped class room activity, (d) flipped classroom activity had increased the understanding of topics and pursue further learning for the module, (e) instructor was able to actively engage the students during the flipped classroom activity, (f) instructor was able to provide clarification on difficult concepts and (g) instructor was able to expand on the i-lectures and pre-reading materials. However, the central tendency was found to be 3(agree) with IQR ranging between 2(neutral) and 4(strongly agree) for adequate time spent by the students on i-lectures and pre-reading materials. The results indicated that most of items favoured the flipped class room activity which was considered as an effective teaching-learning tool by the participants and majority recommended that more lectures should be conducted in the flipped classroom mode.
Though all the students agreed that i-lectures and pre-reading materials were available on e-learning portal prior to the flipped classroom activity, only fifty five percent among them reported that they had spent significant time in going through i-lectures and pre-reading materials. Eighty eight percent of the students agreed that physical arrangements were conducive for flipped classroom activity. All the students agreed that the instructor was actively engaging them in the learning process. Eighty two percent of students agreed that the method improved their selfefficacy to address the topics. All the students perceived that the flipped classroom activity was able to increase better understanding of the learning outcomes and recommended that more such sessions should be conducted for delivering the selected Medicine module.
A statistically significant difference of responses was observed for the following items: (a) classroom arrangements (positioning of the chairs for group activity, audio-visual facilities etc.) were conducive for the flipped classroom activity, (b) flipped classroom session inspired me to pursue further learning for the module and (c) instructor was able to provide clarification on difficult concepts during the flipped classroom activity. The respondents who either remained neutral or disagreed to any of these three above items were most likely to provide an overall negative feedback on the flipped classroom activity.
A statistically significant difference of responses was observed for the following items: (a) pre-reading materials and i-lectures were relevant for the flipped classroom activity, (b) activities during flipped classroom session increased my understanding of the key concepts, (c) more lectures should be conducted in the flipped classroom mode and (d) instructor was able to expand on i-lectures and pre-reading materials during the flipped classroom activity. The respondents who either agreed or strongly agreed to any of these four above items were most likely to provide an overall positive feedback on the flipped classroom activity.
Discussion
In this study, a large number of undergraduate medical students have lacked knowledge of systems of measures, had trouble performing basic numerical tasks and were unable to calculate mathematically the drug mass in solution precisely. The mean score decline in the pre-test across the three semesters indicate that our medical students were not informally picking up the requisite knowledge and skills during their MBBS studies.
Flipped classes enable instructors to engage the participants and facilitate them in critical thinking (Tucker, 2012 ) resulting in better understanding of the subject by promoting active learning (Mazur, 1991) . In this study, the flipped classroom instructional model for Systems of Measure & Dosage Calculation Module replaced instructor-dominated lectures with highly interactive student-instructor activities. The scheduled lecture time was used primarily for assessing student knowledge and fostering active learning through activities in the form of an interactive Quiz session (Hake, 1998; Knight & Wood, 2005) . Prerecorded i-lectures and pre-reading materials were viewed independently by students prior to the flipped classroom activity. The primary purpose of this was to create an interest in active learning and transmission of information. The participants were repeatedly exposed to the content of the selected topics and subjected to a series of assessments that included a Quiz (pre-test) during the flipped classroom activity, a formative assessment and reinforcement followed by a final End of Semester Examination. These activities were expected to invoke active learning among the participants, resulting in better performance and culminating in higher achievements (Hake, 1998; Knight & Wood, 2005) .
A study conducted by Pierce & Fox(2012) on Vodcasts and Active-Learning Exercises in a "Flipped Classroom" Model of a Renal Pharmacotherapy Module reported that the student performance on final examination questions relating to the renal module significantly improved from 2011 to 2012. The improvement in student performance was believed to be due to repeated exposure to the concepts through pre-test followed by process-oriented guided inquiry learning (POGIL) activity, and post-test (Pierce & Fox, 2012) .
Studies by Gardner(2006 ), Litzenger et.al. (2011 and Olds & Johri (2011) also reported that the students expressed a consistently high preference for the flipped classroom instructional model relative to the traditional instructor-led lecture model. They recognized the convenience and pedagogical benefits of the flipped classroom instructional model. They demonstrated the efficacy of active learning using the flipped classroom model to improve student outcomes. It was observed that the flipped classroom supported the fact that the quality (not necessarily the quantity) of student-teacher interaction was a compelling force in improving student performance (Gardner, 2006; Litzenger et al, 2011; Olds & Johri, 2011) .
In our study, a combination of Systems of Measure & Dosage Calculation-Flipped Classroom Session(SMDC-FCS) and Poll Everywhere was successful in engaging attention, facilitating participation and learning among three cohorts of undergraduate medicine students for delivering the Systems of Measure & Dosage Calculation Block in a university setting. It provided opportunities for the participants to get engaged in active learning and apply their knowledge in problem solving scenarios during the formative assessment. It was also effective in preparing the students for the final End of Semester Examination.
